Objective: Assessment of postprandial glycaemic response to four nutritional feeds with different macronutrient and fibre composition. Design: A randomized, double-blind, crossover study. Setting: University of Maastricht, the Netherlands. Subjects: A total of 10 healthy volunteers and 10 patients with type II diabetes. Interventions: Subjects received 200 kcal of four enteral nutrition products (two standard products and two diabetes-specific products). Fasting and postprandial plasma glucose were measured for 2 h. Peak glucose level and area under the curve were calculated. Results: In healthy volunteers and diabetic patients, the feed with a low carbohydrate (CHO), high monounsaturated fatty acid (MUFA) and high fibre content significantly decreased peak glucose concentration and area under the curve compared to the feeds with standard composition. Conclusions: Special feeds with a low CHO, high MUFA and high fibre content improve glycaemic balance and therefore should be considered in diabetic patients who are in need of nutritional support.
Introduction
Postprandial hyperglycaemia is a risk indicator for microand macrovascular complications, in patients with type II diabetes and also in those with impaired glucose tolerance (Heine et al, 2004) . Tight control of hyperglycaemia was shown to decrease mortality in diabetic (UKPDSG, 1998; Hanefeld and Temelkova Kurktschiev, 2002) and intensive care patients (van den Berghe et al, 2001) . Especially in the elderly population the prevalence of diabetes is high, approximately 5-20% (Thefeld, 1999; Sinclair et al, 2001 ).
Many of these patients require nutritional support as they are often not capable of eating and drinking sufficiently. Nutritional feeds specifically designed to reach the nutritional treatment goals of hyperglycaemic patients may help to improve clinical outcome (American Diabetes Association, 2002) . The amount of carbohydrate (CHO), fat and dietary fibre as well as their quality may play an important role in the achievement of these goals (Craig et al, 1998; Sanz-Paris et al, 1998; Chandalia et al, 2000) . Therefore, the postprandial glycaemic response to four nutritionally complete feeds with different macronutrient and fibre compositions was tested in healthy volunteers and patients with type II diabetes.
Methods
This randomized, double-blind, crossover study was conducted at Maastricht University, The Netherlands. The Medical Ethical Committee approved the protocol and informed consent was obtained from all study participants.
Ten healthy volunteers and 10 patients with type II diabetes randomly received four different feeds on separate occasions with at least 6 days between each occasion. All four feeds are commercial products (A: Nutrison Standard, B: Biosorb Drink, C: Nutrison Diabetes (Diason), D: Diasip, (Nutricia N.V. The Netherlands)) with an energy density of 1 kcal/ml. The main differences between the feeds are the proportion of CHO, fat and fibre, and their quality. Products can be characterized as follows: (1) 
After an overnight fast, 200 ml (200 kcal) of the products had to be consumed by the subjects within 2 min. The diabetic patients were asked to continue their oral glucose-lowering medication throughout the whole study period except on the morning before the test. Venous blood samples were collected before taking the feed (baseline) and at 15, 30, 45, 60, 90 and 120 min after the intake. Glucose concentration was measured in whole blood using a glucose analyser (EML-105, Radiometer, Copenhagen, Denmark). Outcome parameters were peak plasma glucose concentration (corrected for baseline values) and area under the curve (AUC). AUC was either determined by using the baseline glucose value as a cutoff line and only taking into account the area above the cutoff line and under the curve (AUC(1)) or by taking both the positive incremental area as well as the area below the cut-off line and above the curve into account (AUC(2)). AUC was calculated according to the trapezoidal rule (Allison et al, 1995) . Peak plasma glucose and AUC of the different feeds were compared using analysis of variance with Bonferroni correction for multiple comparisons. Results are shown as mean values 7 standard error of means (s.e.m.).
Results
The healthy volunteer group consisted of six female and four male subjects with an average (s.e.m.) age, BMI and fasting blood glucose (FBG) level of 22 (0.7) y, 23.8 (1.5) kg/ m 2 and 4.9 (0.07) mmol/l, respectively. The group with diabetic patients consisted of one female and nine male subjects with an average (s.e.m.) age, BMI and FBG of 60 (3.3) y, 28.1(1.3) kg/m 2 and 8.9 (0.5) mmol/l, respectively.
Each of the 20 subjects tested all four products in random order.
On three occasions, a patient took oral glucose-lowering medication before starting the test. Results from these tests were excluded from analysis. AUC(2) was calculated for healthy volunteers only as the curve of the diabetic patients did not fall below baseline during the measurement period.
The changes in postprandial plasma glucose concentrations corrected for baseline values are shown in Figure 1 .
Peak plasma glucose and AUC values are shown in Table 1 . Compared to standard feed A, the diabetes-specific feed D showed a significantly lower glucose peak in both groups, a significantly lower AUC(2) in healthy volunteers and a significantly lower AUC(1) in diabetic patients. Feed D also showed a significantly lower AUC (2) in healthy volunteers compared to feed B. There were no significant differences between A and B and C and D.
Discussion
In this study, the fibre-enriched feeds with a low CHO, high MUFA content (C and D) improved the glycaemic response in both healthy volunteers and patients with type II diabetes when compared with standard formulas (A and B). This complies with previous studies in which low CHO, high MUFA diets showed reduced postprandial glycaemic response when compared with normal to high CHO diets (Campbell et al, 1994; Garg et al, 1994; Carmen Crespillo et al, 2003) .
No significant differences were seen between supplements A and B. As the only difference between these products is the CHO composition, this indicates that maltodextrins have no clear advantage over sucrose. The low CHO feeds containing fructose and starch (C and D) produced the lowest glucose response (AUC, glucose peak). However, it cannot be deduced whether this is an effect of CHO quantity and quality only or whether other factors such as fibre, fat or MUFA content also influence the glycaemic response (Jenkins et al, 2002) . Especially, the addition of soluble fibre to the diet has been shown to lower postprandial glycaemic responses (Toeller et al, 1996; Chandalia et al, 2000) . It is thought that fibre exerts its effect by delaying digestion and absorption of glucose to the blood (Rayner et al, 2001) .
The results of this study support the position of the American Diabetes Association (2002) and the consensus roundtable on nutrition support of tube-fed patients with diabetes (Consensus Roundtable on Nutrition Support of Tube-Fed Patients with Diabetes, 1998). According to these statements, low CHO, high MUFA diets are indicated for hyperglycaemic patients under medical supervision. In addition, reductions in plasma glucose concentration have been associated with decreased short-term hospital mortality and morbidity (van den Berghe et al, 2001 ) and long-term complications (Craig et al, 1998; Hanefeld and Temelkova Kurktschiev, 2002) . In conclusion, this study supports the recommendation that diabetes-specific feeds containing lower amounts of CHO and higher proportions of MUFA and fibres should be considered for hyperglycaemic, hospitalized or institutionalized patients requiring nutritional support. 
